TWO-WEEK LOAN COPY
This is a library Circulating Copy which may be borrowed for two wee~s. -(ii) The current steps in the excited characteristic ~lso seem to be ideal steps without negative resistance regions.
(iii) Additional small steps appear at the sub-harmonic voltages
MW(
---2 n photons absorbed as m pairs cross the link). em This is also seen in point contacts but not in tunnel junctions.
Anderson and Dayem 17 have made the attractive suggestion that in point contacts these steps are due to phase-locking of the flow of flux lines to the high frequency field, but no detailed mechanism of this phase-locking has been proposed.
(iv) One of us has shown 2 that the voltage on certain steps is independent of current to better than 1 in 10 8 : The steps seem to be very little rounded by noise.
2. The Model.
Supercurrent can flow through an SNS junction by virtue of the proximity effect, but there seems to be no microscopic theory of the current flow at finite voltage. However, it is clear that the normal current carried by the excitations will be more important than it is in the tunnel junction. We have taken as a model the following very simple current density equation:
where ~ is the phase difference between the superconductors at the 
where d is the magnetic thickness of the barrier, typically 1~. We have limited ourselves nere to a one-dimensional case. The field B is wholly in the y-direction and the z-axis is normal to the junction.
A further vital feature of our approach is that the source impedances of the de and high frequency inputs mu~t be included ·explicitly from the start. We have examined the impedances encountered in typical experiments, with the following conclusions. SNS sandwiches have very small internal impedances of the order of 10-7 n and no means of storing charge internally at fre~uencies below the plasma frequency. One can safely treat all practicable sources as current sources. In tunnel junctions the internal capacity is large enough to ensure that the effective high frequency source is a voltage source at the frequencies normally employed; the de source impedance on the other hand may easily pe made either greater or smaller than the junction resistance and is frequently made variable. In most pointcontact experiments the high frequency _source is a current source. numerically for a wide range of pararneters, obt.aining harmonic and sub-harmonic steps. We have also analysed the case of finite source impedance. These details will be published elsewhere. It is worth emphasising that the subharmonic structure appears quite naturally in our model in exactly the same way as the harmonic structure does.
Itis linked essentially with the ac source impedance and only disappears when the source impedance is exactly zero.
4. Large Junctions.
For larger junctions we find using (1), (2) and (3) The agreement between our model results and the experiments is
.. We have also calculated the i-v characteristics for large junctions with high-frequency excitation. Illustrated in Fig. 4 is an attempt to fit some experimental data. Note that once again the specimen was square, and so not entirely comparable with the theory. In fact, the theoretical one-dimensibnal specimen was chosen to have the same value of W/A and critical current (and thus roughly the same perimeter) as the real specimen. This means that it has about twice the area; this is the reason for the different de resistances. The fit could probably be improved somewhat by reducing the amplitude of the rf in the calculation. With these points in mind, it is clear that our simple model gives a surprisingly good picture of the observed step structure.
·Noise.
It is interesting to ask why the current steps are so steep. The answer is that the phase-locking mechanism is self-correcting against small noise fluctuations. This is most easy to see in the s~l1
• junction case discussed in § 3. If, in Fig. 2 , the system starts with a value of J appropriate to trajectory BB but at arbitrary 0 .
pha?e, it will rapidly converge onto BB, or the equivalent trajectory We shall compare it with ours elsewhere. It is the phase-locking which explains the lack of effect of noise on the steps.
• I,
-13-UCRL-19067 The experiment refers to a s~uare junction. The theory refers to a one-dimensional junction. The current scale has been chosen so that the critical currents agree with experiment for small W/A.. 
